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INTRODUCTION 
 
Recently, the directions of wheat grain utilisation are 
diversifying not only in area of bakery and animal 
feeding but in other industrial branches such as starch 
and bio-ethanol production. Consequently, wider spectra 
of wheat grain quality parameters need to be evaluated. 
In case of feeding quality, content of protein fractions, 
essential amino acids, starch composition or viscosity 
are such important parameters. In situations where the 
wheat is unsuitable for bread making (C category) the 
identification of cultivars for livestock feeding would be 
desirable.  The ability to assess wheat lines suitable for 
both or more directions would be valuable.  
  
Protein in cereal grains can be divided into two broad 
groups on the basis of their biological functions: 
biologically active enzymes (classified as albumins and 
globulins) and biologically inactive storage proteins 
(prolamins and glutelins) making up about 80% of the 
total. KASARDA et al. (1976) classified wheat soluble 
proteins in dilute salt solutions as cytoplasmatic 
proteins. These ‘soluble’ proteins differ distinctly in 
amino acids (AAs) composition from the gluten storage 
proteins and are nutritionally important because about 
45% of total AAs are created by essential AAs. Gluten 
and its protein fractions (gliadins and glutenins) are 
nutritionally inferior to soluble proteins, primarily 
because of extremely low lysine scores. In comparison 
of both storage fractions HUEBNER AND WALL (1976) 
reported that glutenins are generally nutritionally 
superior to gliadins except for content of isoleucine and 
leucine.   
 
In addition to proteins, starch and non-starch 
polysaccharides of wheat are important from feeding 
value point of view. The water-soluble, non-starch 
polysaccharides of cereal grains give rise to highly 
viscous aqueous extracts and are recognised as a major 
anti-nutritive factors in poultry diets (FISCHER & STONE 
1986). Negative correlation between content of water-
soluble arabinoxylans and value of metabolised energy 
of wheat diets was also confirmed by CHOTS  & 
ANNISON (1990; 1992).  
 
The research described in this paper was aimed at 
evaluation of winter wheat cultivars including bread 
making quality categories E to B. The emphasis was 
placed on evaluation of protein content, its fractions and 
relative viscosity as possible criteria of feeding value 
and their relationships to other grain parameters.  
 
 
MATERIAL AND METHODS 
 
Registered cultivars Alana, Alka, Apache, Batis, 
Complet, Drifter, Ebi, Ludwig, Rialto, Samanta, Saskia, 
Sulamit, Svitava, Šárka and Vlasta were cultivated on 
10m2 plots in four replications at Stupice locality for 3 
years.   
 
Following grain parameters were tested annually:  
- Content of crude protein by Kjeldahl method - 
according to ČSN 56 0512-12;  
- Wet gluten content (WG) and gluten index (GI) 
on the  Apparatus - Glutomatic 2200; AACC 38-12  
- Protein fractions content (albumins + globulins; 
gliadins) by modified Osborn’s method according to 
Dvořáček et. al. (2001).  
- Content of sum glutenins was calculated as a 
difference between content of crude protein and sum of 
albumins + globulins and gliadins.   
- Relative viscosity on apparatus – Micro-
viscosimeter Anton Paar; according to SAULNIER et al. 
(1994) 
 
In the cultivars gliadin alleles were identified by SDS-
PAGE electrophoresis according to LAEMMLI (1970) and 
HMW glutenin alleles by PAYNE et al. (1983). Gliadin 
blocks were identified in conditions of Acid-PAGE 
(ČSN 46 1085-2, 1998) according to catalogues 
METAKOVSKY (1991). Statistica 7.0 CZ software was 
used to test significant differences by 
ANOVA/MANOVA, Tukey HSD test and correlation 
matrix.  
 
RESULTS AND DISCUSSION 
 
Tested parameters were influenced by genotypes and 
environment in different level (tab. 1a). Significant 
influence of environment on crude protein was in 
accordance with results of large experiments of the 
Czech Central Institute for Supervising and Testing in 
Agriculture. 
 
Statistical significant influence of cultivar was not 
registered in crude protein content and its close related 
components (wet gluten, gliadins and glutenins). On the 
other hand strong influence of genotype was observed in 
proportion of albumins + globulins in crude protein and 
content of this protein fraction in dry matter.  
 
The character with high dependence on genotype – 
proportion of albumins + globulins in crude protein 
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varied between 22.29 % (Ludwig) and 30.81 % (Rialto). 
This parameter reflected content of albumins and 
globulins in dry matter. The cultivar Rialto showed the 
highest content (3.93%) of this fraction in dry matter as 
well. In contrary very low content of albumins + 
globulins was observed in cultivars Samanta (3.00 %), 
Ludwig and Saskia (3.07 %). From a nutritional point of 
view it is possible to suppose significant differences 
among tested cultivars. The cultivar Šárka is generally 
considered as wheat with sufficient bread making quality 
(qualitative category B) and high feeding value. 
Nevertheless, in proportion of albumins + globulins in 
crude protein two cultivars (Rialto 30.81 % and Svitava 
27.78 %) showed higher values than cultivar Šárka. 
Simultaneously these cultivars (including Ebi) showed 
the lowest content of storage protein fractions (gliadins 
and glutenins).    
 
Gluten index showed weaker dependence on genotype. 
Observed values corresponded with declared bread 
making quality categories in most of tested cultivars. 
Especially three elite cultivars (Sulamit, Ebi and 
Ludwig), confirmed this fact. The highest value of the 
parameters was found out in cultivar Sulamit (GI = 
93.88 %).   
 
In case of relative viscosity there was possible to detect 
two different categories. Two varieties showed 
significantly higher value of relative viscosity (Sulamit 
2.50 and Rialto 2.11). In the rest of cultivars the relative 
viscosity oscillates in range from 1.51 to 1.81. Slightly 
higher value of relative viscosity was related to presence 
of 1B/1R translocation what was described by AMIOUR 
et al. (2002). This tendency was also confirmed in our 
study in case of cultivar Rialto. 
 
Mutual relations of all tested parameters were calculated 
by means of correlation matrix (tab. 1b). The highest 
positive correlation coefficients were detected among 
content of crude protein, storage protein fractions 
(gliadins and glutenins) and content of wet gluten (from 
0.81 to 0.90). Their close relationships logically result 
from mutual common composition, when main part of 
crude protein is incorporated in grain to wheat gluten in 
form of both storage protein fractions -  gliadins and 
glutenins (POMERANZ, 1988). This fact is confirmed by 
high correlations both storage protein fractions to wet 
gluten as well (0.71 and 0.77).   
 
The highest negative correlation was found between 
proportion of albumins + globulins in crude protein and 
sum of glutenins (-0.69). Relations among content of 
crude protein, content of albumins + globulins and their 
proportions in crude protein did not show such high 
values as in cases of correlations among crude protein 
and storage protein components (gliadins and glutenins). 
In spite of positive correlation (0.59) between content of 
crude protein and content of albumins + globulins in dry 
matter, their proportions decreased with increasing of 
crude protein (-0.49).  The explanation of this fact 
results from significantly higher correlation among 
crude protein content and storage protein fractions than 
between crude protein and albumins + globulins content. 
High correlation among crude protein and storage 
protein fractions in context with fertilizing confirmed 
BOJŇANSKÁ (1993) as well.  
 
The tested registered cultivars mainly showed significant 
differences in content of albumins + globulins and their 
proportion in crude protein. It would be of interest to test 
the cultivars with contrasting values in these parameters 
in direct feeding experiment. High relative viscosity 
which can potentially detract from the feeding value of 
wheat grains for poultry was found in the cultivars 
Rialto and Sulamit.    
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Cultivars / tested 
parameters (a) 
Crude protein 
content in dry 
matter (%). 
Wet gluten 
content 
(%) 
Gluten index 
(GI) 
% 
Content of 
albumins + 
globulins in dry 
matter (%) 
Content of 
gliadins in dry 
matter 
(%) 
Sum of 
glutenins in 
dry matter 
(%)
Proportion of   
albumin + 
globulins in crude 
protein (%) 
Relative  
viscosity 
Alana 13.36a 29.90a 78.42ab 3.39ab 4.16a 5.81a 25.68ab 1.62±0.11a
Alka 13.72a 29.37a 63.53ab 3.58bc 4.28a 5.86a 26.07ab 1.69±0.17a
Apache 12.45a 25.20a 79.83ab 3.23ab 3.63a 5.60a 25.95ab 1.57±0.09a
Batis 12.79a 28.80a 77.79ab 3.30ab 3.85a 5.64a 25.85ab 1.56±0.16a
Complet 12.86a 26.80a 80.84ab 3.49abc 3.77a 5.60a 27.09bc 1.51±0.12a
Drifter 12.69a 28.67a 44.84a 3.37±ab 3.78a 5.54a 26.64abc 1.74±0.13a
Ebi 12.11a 26.43a 88.38ab 3.25ab 3.32a 5.54a 26.95bc 1.81±0.22ab
Ludwig 13.84a 31.53a 80.66ab 3.07ab 4.33a 6.44a 22.29a 1.53±0.07a
Rialto 12.78a 24.97a 77.58ab 3.93c 3.65a 5.19a 30.81c 2.11±0.28b
Samanta 12.59a 22.57a 87.72ab 3.00a 3.86a 5.73a 23.98ab 1.72±0.18a
Saskia 12.52a 22.50a 84.86ab 3.07ab 3.75a 5.70a 24.53ab 1.59±0.05a
Sulamit 13.07a 25.40a 93.88b 3.23ab 4.09a 5.75a 24.70ab 2.50±0.46c
Svitava 12.33a 28.27a 64.71ab 3.38ab 3.88a 5.07a 27.78bc 1.64±0.13a
Šárka 12.37a 24.90a 76.78ab 3.37ab 3.86a 5.14a 27.26bc 1.76±0.20a
Vlasta 12.36a 25.83a 66.94ab 3.15ab 4.21a 5.00a 25.57ab 1.70±0.22a
Influence of cultivar (%) Ns. Ns. 37.98 48.11 Ns. Ns. 66.17 70.41
Influence of envir. (%) 62.18 31.47 23.31 33.10 47.83 44.63 7.53 21.00
Table 1 Three year average values of tested parameters (a) in selected cultivars and correlations among the parameters (b)
Correlations among parameters (b) 
Crude protein content  1.00         
Wet gluten content 0.81 1.00        
Gluten index (GI) % 0.02 -0.31 1.00       
Content of alb + glo 0.59 0.43 0.00 1.00      
Content of gliadins  0.89 0.77 -0.12 0.42 1.00    
Sum of glutenins  0.90 0.71 0.12 0.31 0.68 1.00   
Relative  viscosity -0.33 -0.34 0.09 -0.07 -0.31 -0.34 1.00  
Proportion of  alb + glo -0.49 -0.42 -0.04 0.41 -0.54 -0.69 0.30 1.00
